INTRODUCTION
Acute lymphoblastic leukaemia (ALL) is a malignant disease of the bone marrow in which early lymphoid precursors proliferate and replace the normal haematopoietic cells of the marrow (Kerketta et al., 2007) . ALL is the most common malignancy among children in the United States, accounting for 75% of the leukaemia cases, and is curable in 80% to 85% of the patients (Banihashem et al., 2014; Dong et al., 2013; Van Vlierberghe and Ferrando, 2012; Oudot et al., 2008; Pui et al., 2008) . T cell acute lymphoblastic leukaemias (T-ALLs) are aggressive haematological tumours resulting from the malignant transformation of T cell progenitors (Van Vlierberghe and Ferrando, 2012) . T-ALL accounts for 10%-15% of paediatric and 25% of adult ALL cases (Van Vlierberghe and Ferrando, 2012; Goldberg et al., 2003; Ferrando et al., 2002) . Clinically, T-ALL patients show diffuse infiltration of the bone marrow by immature T cell lymphoblast, high white blood cell counts, mediastinal enlargement and CNS involvement at diagnosis (Van Vlierberghe and Ferrando, 2012; Goldberg et al., 2003; Ferrando et al., 2002) . The prognosis of T-ALL has gradually improved with the introduction of intensified chemotherapy, with cure rates in modern protocols reaching over 75% in children and about 50% in adults with this disease (Pui et al., 2008; Goldberg et al., 2003) . However, the outcome of T-ALL patients with primary resistant or relapsed leukaemia remains poor (Oudot et al., 2008; Goldberg et al., 2003) . Therefore, current research efforts are focused on the search for targets for the development of more effective and less toxic anti-leukemic drugs. Doxorubicin (DXR) is a type of chemotherapeutic drug called an anthracycline, used to treat many types of cancer including T-ALL (Pommier et al., 2010; Park et al. 2005; Guano et al., 1999) . The anticancer effects of DXR and other anthracyclines are derived from topoisomerase II blocking and the resultant apoptosis (Pommier et al., 2010; Park et al., 2005) . Gamen et al. (2000) report that DXRinduced apoptosis may be mediated by the activation of caspase-9, the loss of mitochondrial membrane potential and the release of apoptogenic factors. However, the studies on the anticancer activity of DXR have mainly been focused on the inhibition of topoisomerase II and apoptosis induction, whereas the relationship between DXR and CD47 expression on jurkat cells has not yet been elucidated.
CD47 is a 47-52kDa transmembrane glycoprotein of the immunoglobulin (Ig) super-family, with an extracellular amino-terminal IgV domain, a five times transmembranespanning domain and different carboxyl-terminal cytoplasmic domains generated by alternative splicing (Uchendu et al., 2017; Oldenborg, 2004; Brown and Fraser, 2001; Reinhold et al., 1995) . CD47 is heavily glycosylated (Oldenborg, 2013) with a ubiquitous expression virtually by all cells in the body including lymphocytes (Kinashi, 2005) . The presence of CD47 has been shown to be crucial for immune evasion in leukaemic stem cells (Chao et al., 2012; Willingham et al., 2012; Chao et al., 2011; Chao et al., 2010; Majeti et al., 2009; Matozaki et al., 2009; van den Berg and van der Schoot, 2008) . CD47 exerts its anti-phagocytic role through binding to phagocytic cells that express signal regulatory protein alpha, SIRPα (Chao et al., 2012) . Upon binding, CD47 initiates a signal transduction cascade resulting in inhibition of phagocytosis (Lee et al., 2014) . CD47 activation induces apoptosis of B-cell chronic lymphocytic leukaemia cells through a caspase-independent mechanism (Mateo et al., 2002) . Recently, CD47 was reported to be a marker of tumour-initiating cells in leukaemia and bladder cancer (Willingham et al., 2012) .
Jurkat cells are an immortalized line of human T lymphocyte cells used to study acute T cell leukaemia, T cell signalling, and the expression of various chemokine receptors (Parson et al., 2005) . Their primary use, however, is to study or determine the mechanism of differential susceptibility of cancer cells to drugs (Dong et al., 2013) and radiation (Cataldi et al., 2009) . Although there are evidences of CD47 activities in jurkat cells, its role or interaction with DXR has not been investigated in these cells. The aim of this study was to assess the effect of DXR on CD47 expression in jurkat cells. We hypothesized that DXR may modulate the expression of CD47 on membrane surfaces of jurkat cells. Our findings may help in the development of clinical strategies using CD47 as targets to further develop novel therapy for T cell leukaemia in humans.
MATERIALS AND METHODS

Materials
Cell line and antibodies
Jurkat cells were purchased from ATCC, Middlesex, UK; CD47-FITC (FITC mouse anti-human CD47) and CD47-control FITC (FITC mouse IgG1 k isotype control) from BD Pharmingen, UK.
Chemical reagents
Doxorubicin, hydrochloride from Calbiochem, UK; RPMI-1640 medium (Life Technologies, UK); Phosphate buffered saline, PBS (Amresco, Ohio, USA); foetal bovine serum, FBS (Hyclone, UK) and Trypan blue stain (SigmaAldrich, UK).
Methods
Cell culture condition
Jurkat cells were routinely maintained in RPMI-1640 medium supplemented with 10% (v/v) FBS and 2mM L-glutamine as described in American Type Culture Collection (ATCC) kit. The cells were cultured in 25 cm 2 or 75 cm 2 flasks at 37°C in a humidified 95% air and 5% CO 2 incubator. The cells were manipulated aseptically in a Class 2 BSC Laminar flow hood (Thermo Electron Corporation) and were sub-cultured every 2-3 days in order to maintain a concentration between 1×10 5 -1×10 6 cells/ml, depending on the experimental demands.
Cell culture for CD47 assay
Using a flat bottom 12 well plate, Jurkat cells (1×10 6 cells/ml) in 2mL of complete RPMI medium were cultured with doxorubicin (DXR) 50nM, 100nM, 250nM, 500nM, 1000nM or control for 0, 24, 48 and 72 hours at 37°C in a humidified 95% air and 5% CO 2 incubator.
Flow cytometry analysis of CD47 expression
Using a Gilson pipette, 200μL cell suspension from each well were transferred to 1.5mL Eppendorf tubes, washed once with 1mL of PBS and centrifuged at 200g for 3 minutes to wash off the culture medium. Cell pellets were re-suspended in 100μL PBS and stained with 5μL CD47-FITC. Cells were immediately placed into ice bucket and shaded from light to avoid destruction of the light sensitive FITC stain; and assayed within 1 hour for CD47 expression using a Flow cytometer (BD Accuri C6). Data were obtained using CellQuest software v7.5.3 (Becton Dickinson, Oxford, UK). A minimum of 10,000 cells was analysed in each flow cytometry experiment. Each experiment was repeated three times using different cell passages to allow for means from the triplicate measurements. 
Cell viability using trypan blue exclusion test
Statistical analysis
Statistical analysis of data were completed using GraphPad prism 6 software with statistical significance (p<0.05), determined by using the independent two-sample students t-test or ANOVA.
RESULTS
DXR (50nM-1000nM) induced the up-regulation of CD47 after 24 hours treatment when compared to the controls (Figure 1 ). There was peak expression of CD47 at 24 hours in all the groups after which it declined at time 72 hours of incubation with DXR ( Figure 1B) . It was observed that CD47 up-regulation was highest with 100nM DXR and lowest with 1000nM DXR in relation to other concentrations at 24 hours and 48 hours incubation periods ( Figure 1B) . Quantitative flow cytometry analysis showed a substantial increase of the surface CD47 at 24 hours incubation (Figure 2) .
Percentage viable cell count showed that doxorubicin (50-1000nM) did not significantly kill the CD47-expressing jurkat cells at 24-72 hours period of incubation when compared with their respective controls. Jurkat cells cultured with the various concentrations of DXR had % cell viability of (75-95%), (70-90%) and (60-80%) at 24, 48 and 72 hours respectively against controls (80-100%) (Figure 3) . The preliminary data shows that there was steady increase in the expression of CD47 which peaked at 24 hours. It was then observed to be down-regulated after 24 hours of incubation with DXR. Note that CD47 expression was maximum with 100nM DXR followed by 250nM DXR. In contrast, treatment with 1000nM DXR was observed to produce the least CD47 expression. The data are presented as means ± SD (A) or means (B) of the median fluorescent intensity of three independent experiments. Statistical analyses were performed using two-way ANOVA. See Materials and Methods for experimental details. 
DISCUSSION
Although several potential mechanisms were suggested to explain the therapeutic effect of CD47-targeting based on existing data and other studies (Chao et al., 2010; Chao et al., 2011; Majeti et al., 2009) , the different effects by CD47 are still not well understood. The aim of this study was to investigate the effect of DXR on CD47 expression in jurkat cells.
Report suggests that CD47 and CD95 augment each other in jurkat T cells (Manna et al., 2005) . Quesada et al. (2005) showed that DXR at doses 100 times lower than those effectively used as monotherapy significantly up-regulated endothelial CD95 in vitro and in vivo. DXR treatment triggered a sustained, p53-dependent up-regulation of CD95 mRNA and consequently increased the total CD95 available for the surface presentation and ligand interaction (Quesada et al., 2005) . However, study on the relationship between DXR and CD47 expression on jurkat cells has not yet been elucidated.
In this study, similar concentrations of DXR (50nM -1000nM) modulated the up-regulation of CD47 in jurkat, in vitro. Up-regulation of CD47 peaked at 24 hours in all treatments after which it declined. However, % viable count revealed that there was no significant death of the cells during the 72 hours treatment between treatments and respective controls. This suggests that the leukaemia cells may have resisted the drug, and hence prevented apoptosis. The post-24 hours down-regulation of CD47 observed may be due to possible blocking of the synthesis or expression of the protein, CD47 perhaps resulting from the of inhibition of topoisomerase II by DXR. Several mechanisms reported to be commonly associated with cellular resistance to topoisomerase II inhibitors include: P-glycoprotein and/or multi-drug resistance-associated protein (MRP), reduction of topoisomerase II levels, changes in sub cellular localization, topoisomerase II phosphorylation and topoisomerase II mutation (Gu et al., 2012; Pommier et al., 2010) . In multi-drug resistance (MDR) cases, expression of P-glycoprotein leads to abundant DXR efflux and reduction in intracellular concentration of DXR; thus, the intracellular optimal dose is never achieved (Gu et al., 2012) . Findings suggest that free DXR may be taken up by cells via a passive diffusion mechanism, and may also be prone to the MDR effect (Laginha et al. 2005) . Perhaps these may also explain the high % viable cells or nonsignificance observed in this study.
Reports showed that CD47 plays a role in immune evasion in different types of leukaemia and bladder cancer and may be involved in chemo-resistance and cell metastasis (Lee et al. 2014) . Increased CD47 expression was found on AML leukemic stem cells when compared with normal haematopoietic stem cell from multiple primary specimens (Majeti et al., 2009 ). In addition, CD47 expression was also up-regulated in tumorinitiating cells population of bladder cancer and associated with the poor prognosis of patients (Majeti et al., 2009) . Since cancer tissues are believed to be more immunogenic than normal tissues, the immune evasion function of CD47 may explain the up-regulation of this protein in membrane surfaces of jurkat T cells as was observed in this study.
LIMITATIONS AND FUTURE DIRECTION
This study lacked the inclusion of CD47 mRNA analysis. There was limited scope or analysis to unravel if other molecules played any singular or combined role in inhibiting apoptosis in these cells. This was due to limited available fund. Several other areas have been identified that may be suitable for future work using jurkats and they include: evaluation of CD47 therapeutic value by lentiviral-based shRNA knockdown so as to assess the consequences of its suppression in jurkats; examine if CD47 plays role in chemo-resistance, by applying doxorubicin to jurkat NTC (non-target control) and jurkat shCD47 and then observe their response to apoptotic induction; investigate for properties such as tumour initiation, self-renewal, "stemness" gene expression, chemo-resistance and metastasis, which may reveal CD47 as a potential target for T-ALL.
CONCLUSION
Jurkat T cells upregulated the expression of the protein, CD47 and prevented cell death against the chemotherapeutic drug, doxorubicin. Therefore, leukaemia cells exert their anti-apoptotic role through increased CD47 expression. CD47 is a novel functional protein in jurkat T cells with promising therapeutic potential and may provide insight for targeted therapy against T-ALL disease. 
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